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METHOD ; OF PRODUCING 5hFORMYL-2-FURYLBORONIC ACID 

^ I I 

The present ;invention refers tio an improved method of f 

producing 5-if onnyl-2~furylbor6nic acid. 

\ \ \ 

The Suzuki coupling reaction is a well known method for the 
5 formation of aryl-aryl bonds, iwhereby an aryl borate is 
reacted witli an aryl halid4 in a palladium catalyzed 
qoupling reaction. The Suzuki IcoupULng reaction is very 
useful in tlie synthesis of ; drugs and consequently it is 
under current investigation to provide suitable starting 

j • . : i 

10 materials- i i I 

. ■ ■ ■ 1 M . :^ 

One very useful building block is 5-f ormyl-2-f urylboronic 
acid, Floreiltin et al . (Bull. iSoc, Chim. Fr. 1976, 11-12, 
1999) discldses the preparation of 5-f ormyl-2-f urylboronic 
acid starting from 2'"f uraldehyde . The formyl fuinctionality 

15 of the 2-'furaldehyde is protected as diethylacetal arid said 
diethylacetal is metalatedi with methyllithium. The obtained 
lithiated furan is subsequenly reacted with tributyl borate 
and after acidic quench the 5^forrayl-2Tf urylboronic acid 
was isolated. Floreutin etlali investigated the IH and 13C 

20 mm spectra iof said furylbbronic aicid. There is no further 
disclosure itegarding the reaction .conditions, yield or 
purity of tlie obtained 5-f ormyl-2-furylboronic acid- 

I ^ ! • 

In an earli4r paper Florentinjet al. (C . R .Acad. Sc . Paris , 

Ser. C 1970 ; 270, 1608) deikcribes the preparation o£ 5- 

25 formyl-2-furylboronic acidiby imetalation of 2-forinyl"5- 

bromofuran. with butyllithium and subsequent reaction of the 

metalated furan derivative; with n-butylborate. After acidic 

t ' ' 

work-up the |5-f onnyl-2-furylboronic acid was obtained as 

I • i 

white crystals in a 15% yield 1 

I i : , " 

30 W096/ 16046 describes the synthesis of 5-forniyl'2- 
furylboronic acid whereby furfuraldiethylacetal is 
metalated with butyllithium in ether as a solvent at a 
temperature I of -40°C. The reaction mixture is stirred at 
room temperature for additional 2 hours and subsequently 

! ■ ■ M ■ 

I ' i 
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again cliilled to -40^C. A soliition of trimethylborate in J 
ether is added and subsequently heated to room temperature 
and then held at reflux. After acidic work-up and 
recrystallization 5-f onnylr2-furylboronic acxd was xsolated 

5 as a colorless solid in 26% yield. 

i . ! ... 

1 i i 

McClure (Syrithesis 2001, No. 11, 1681-1685) describes a 
practical one-pot synthesi^ of 5-aryl-2-furaldehyde via 
palladium xrrediated Suzuki coupling of arylhalities with in 
situ generated 5- (diethoxyitiethyl) -2-furylboronic acid. 5- 
10 (Diethoxyiiietlhyl) -2-f urylboronic acid is used as building 

block because 5-f ormyl-2-f iirylboronic acid is considered to 
be cost-'prohibitive and the described preparation methods 
of same suffer from low temperature requirements, 

capricious i:eproducibility> tedious work-up /as well as 

i i. ' < • 

15 unsuitably low purity and isolated yields. /McClure was not 

\ • ^ 

able to improve the isolation; of 5- (diethoxymethyl) -2- 

furylboronic acid as well as 5-£ormyl-2-:;furylboronic acid 

and therefore decided to use a crude solution of 5- 

(diethoxymeihyl ) -2-furylboironiG acid in the subsequent 

20 Suzuki coupling/ I \ 

\ . ' I I • . "• 

Roschangar et al • (Tetrahedron 58 (2002) 1657-1666) 

describes tlie preparation of $-f ormy 1-2 -fury Iboronic acid, 

whereby starting from furfural said boronic acid is 

obtained vidi metalation and subsequent addition of 

25 triisopropyiborate to the ?netalated furan derivative. 

Because of the difficulties described in the prior art like 

i • ! 

low teii^ierafcure requirements , i capricious r-eproducibili ty , 

i ^ ! * 

tedious workup as well as unsuitably low purity and 

isolated yields Roschangarj et i al . ^did not try to isolate 5- 

30 f ormyl-2-f urylboronic acidj. Therefore, they applied the 

boronic acid to a subsequent Suzuki coupling without 

further purification. 5-Formyi-2-f urylboronic acid was 

i I ■ 

obtained as | crude reaction; solution, only. 

\ - i 

I 11. . , 

The object of the present invention is to provide a method 
35 of producing 5-f ormyl-2-f uirylboronic acid with improved 
yield, stability and purity of the obtained 5-formyl-2- 

; ; ! 
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furyltooronid acid. A further object of the present 
invention i^ to improve and optimize the reaction 

conditions for preparing said iboronic acid* 

i 5 = 

• i 
The technical protolein of the present invention is solved by 

5 a method of jproducing 5-f opiyi-2-f urylboronic acid 

comprising the steps of: j \ 
\ I I 

a) additidn, of a base to|a composition comprising a boric 
acid ester At\<3L 2-f uraldehyde whereby the forroyl 
functionality of the 2-fur^ldehyde is protected with a 
10 protective group, and \ \ 

: 5 i 

tr) acidic Iwork-up of the! reaction mixture of step a), and 

I j 1 

c) isolation of 5-f ormylf 2-f urylboronic kcid. 

■ \ ' f 

The following reaction sch^e i.esdiibits the method of 
producing of 5-f ormyl-2-furylboronic acid (1) . 




B(0R)3 



1. addition of base 

2. acidic wOrk-up 

3. isolation of 1 



15 2 13 




OHC , O B(OH) 



A base is added to a mixture comprising a protected 2- 
furaldehyde I (2) whereby Z is the formyl functionality of 
the 2-£ural4ehyde which isS prdtected with a suitable 
protective ^roup emd a boric acid ester (3) whereby R is a 
20 suitable residue. After completion of the reaction the 
reaction mixture is subjected^to an acidic work-up and 
formyl -2 -fuiylboronic acid^ ui is isolated- 

\ ! ! 

In a preferi-ed embodiment the] boric acid ester of step a) 

is an alkylboric acid estep eUid/or arylboric acid ester. 

25 The alkylboric acid ester bf i^tep a) i6 preferable selected 

from tlie group consisting p(OiPr)3, B(OEt)3, B(OMe)3, 

B (OPr ) 3 . B (6bu) 3 , and mixtures thereof . 

i • • i ! . 

1 i 
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The protective group wxUh which the fonuyl functionality of 

the I 1 ; 

2"furaldehyde is pro tec ted ^ may be any protective group that 

is known to ;a person skilled in the art to be suitable- In 

5 a preferred jeinbodiment the ; protective group is an 0,0- 

i , ; i 

acetal protective group or i an ;n, 0-acetal protective group - 

In case that the acetal protective group is an 0,0-acetal 

protective group preferably the alcohol is selected from 

. . ■ * 5 i 

the group co;nsisting of alkanols having 1 to 10 carbon 
10 atoms, alkahdiols having l|toj20 carbon atoms, and mixtures 
thereof. In |a preferred embodiment the protective group is 
selected from methanol, ethanbl, propanoic butanol, 
ethylene glided, 1,3-propane diol, and N--substituted 

ethanol amines. 1 

\ \ \ . ' . . 

15 In a preferred embodiment the ibase of step a) is selected 

from the grdup consisting of alkyl metal, metal amides, and 
mixtures thereof. Preferably the alkyl metal is 
alkyl lithium, alkyl sodilun 6r alkylpotassium. In a further 
preferred embodiment the b^se |of step a) is selected from 

20 the group consisting of lithium hexamethyldisilazane, 
sodium hexaniethyldisilazane, potassium 

hexaitiethyldi|silazane, lithium jdiisopropylamide, butyl 
lithium, methyl lithium, ethyl lithium, propyl lithium, and 
mixtures thereof. \ \ 

I ■ i ! ■ 

25 It is preferred that a solvent! is present in step a) . The 
solvent can ;be every solvent that is customary to a person 
skilled in the art, such as a isolvent selected from the 
group cons is;t ing of tetrahydrof uran , 1,2 -dime thoxye thane , 

J ^ i ■ 

1, 4-dioxane,i and mixtures thereof. 

30 The addition of a base to a composition comprising a boric 
ester and the protected 2-f urcildehyde may be carried out at 
a temperatur^e of from -100°C tip 30°C, preferably ^78^C to 
5°C, even more preferred from |-30<^C to O^C, and most 
preferred from -20^C to O^C, and -10 to 0°C- 
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\ \ 

\ ^5 

The ratio of the base to the protected 2-f uraldehyde in 

Step a) is ^jref erably of frorajl^O to 1,6 equivalents of 

base/ prefeirably of from 1)0 to 1,4 equivalents, even more 

preferred from 1,1 to 1>3 equivalents of base per mole 

5 protected 2-|f uraldehyde. j j 

i ■ i- 

\ • I 

The ratio of the boric acid ester to the protected 2- 
fiizraldehyde lis of from l,0jtOjl,8, even more preferred of 
from l,2*to(l,5 moles, andjmost preferred of from 1,3 to 
1,5 moles of boric acid ester |per mole protected 2- 
10 fur aldehyde J \ \ 

In a preferjfed embodiment the lacidic work-up in step b) is 
conducted by using an aqueous {acid. The aqueous acid can be 
any acid that is customary! to ; a person skilled in the art. 
Preferably, ithe aqueous acid is selected from the group 
15 consisting of hydrochloric ; acid, sulfuric ae.id, citric 
acid, acetic acid, formic acid, and mixtures thereof. 

. ■) ■ ■ i 1 ' • 

The acidic ^^ork-up of the Reaction mixture of step a) can 
either be carried out by addition of an acid to the 
reaction mixture of step a) , or by addition of the reaction 
20 mixture of step a) to an acid J 

\ 11' 
The acidic work-up of step b) jean be carried out by 

temperature 1 of from -10°C to 70°G, preferably from O^C to 

60 ^C, most i?ref erred from lO^C to 50«>C. 

1 ■ ( : 

The isolation of 5-formyl-2-furylboronio acid of step c) 
25 can preferably be performed b>r means of filtration, 

centrif ugation, and/or crystallization, 

\ ' \ \ 

In a preferred embodiment the ! obtained 5-f ormyl-furan- 
boronic acid of step c) is; further purified by means of 
recrystallization. The recrystiallization can be performed 
30 by using anyr suitable solvent J It is preferred that the 
solvent is a polar solvent; sUch as acetonitrile, water, 
and mixtures thereof. ' 
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In a preferred embodiment the jmethod of producing 5-fontiyl- 
2-f urylboronic acid comprises !the steps of a) addition of 
lithium diisopropylaniide to a jcomposition comprising 
triisopropy liberate and f urfur^ldiethylacetal and, 
5 optionally, ;a solvent, andib) jacidic work-up of the 

reaction mixtuxe of step a) and c) isolation of 5-formyl-2 
furylboronid acid. \ 

. ■ ■■ 'I .11 ■ 

5 -^Fomiyl-2-f urylboronic acid which is manufactured 

according tp the teaching of the present invention is a 

10 white cirystalline solid. The stability of the obtained 5- 

f ormyl--2^f urylboronic acid! is i sufficient to employ said 

boronic acid as useful bui jding-block to subsequent 

reactions iri drug synthesis like the Suzuki coupling 

reaction- Furthermore, the; reaction conditions and 
i ■ : ! 

15 procedures are more convenient to a person skilled in the 

art and the I reaction sequence ; is capable of providing a 

sufficient amount of 5-forniyly2-f urylboronic acid- 

J. ■ ; i ■ 

The present ? invention is further illustrated by the 

following Examples without- being limited thereto. 

I . ' i I 

20 Example i 

\ i I 

A dried 500 jmL 3-neck flask with mechanical stirrer, 
internal thermometer and addition funnel under nitrogen is 
charged with 20,16 g (0,llb mol) f urf uraldiethylacetal , 
33,4 g (0,177 mol) triisopropylborate and 40 mL of 
25 anhydrous THF. The water content of the reaction mixture 



was measured according to the 
and was determined to be less 



Karl-Fischer-titration method 
than 800 yig/mL of water. The 



solution is i cooled to an internal temperature of -lO^C- 

j .1 
Keeping the j temperature at! -lO^C to 0°C 84 mL (25 wt%, 1.84 

3 0 M solution THE, heptane, ethylbenzene from Chemmetal, 

content determined by citratipn, i-3 equivalents) LDA was 

added via addition funnel ,to the reaction mixture over a 

-i ' 
period of Is hour. Using a canula the reaction mixture was 

subsequently transferred to precooled aqueous hydrochloric 

3 5 acid which was obtained by mixing 33 mL of concentrated 

} 

EfHPf ar^gsze i t 25.SeP. U:28 i 
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\ 1 1 

hydrochloric acid and 55 xnti water. The reaction temperature 
was maintaiiied at a temperature of less than 30°C. The 
resulting tan slurry of 5-f ormyl-2-furylboronic !acid was 
cooled to O^C and filteredl The filter cake was washed 
5 twice with io mL of cold water to give 17.6 g of wet cake. 
Dxrying {40^6r vacuum oven) | gave 12.41 g of an off-white 
product. The overall yieldj of j 5-f ornvyl"-2-f urylboronic acid 

was 75%, The content of unireadted furfural in ■ the crude 
f , ^ ■■ . * • • 

product was 1 determined to be less theua 0,1%. 

.» • ' f 

10 Optional Recrystallization: ; 

i ' ; ■ 

A 2L neck f iask with mecha&ical stirrer is charged with 

130 g 5'-formyl-2-furylborohic jacid, 900 mL acetonitrile and 

400 mL watef, the resulting slurry is heated to reflux, at 

which point I the solids were in solution. The dark solution 
I * ! I* . 

15 is cooled overnight to QOC. The resulting slurary xs 

filtered and washed with 100 riaL of acetonitrile.' Drying 

gives 116.7 Ig of 5-f onnyl-2-furylboronic acid as a white 

crystalline i solid (90% yield) I 

I j I • 

5-Formyl-2-furylboronic acid synthesized according to the 

20 method of tt;e present invention is either with or without 
optional regrystallizationl stable at room temperature for 
more than one year- By way; of i contrast , 5-formyl-2- 
furylboronid: acid synthesized: according to methods known in 
the prior art decomposes spontaneously upon standing at 

25 room temperature within days or hours. 

.1 • i 

1 i : . 

i • ? ■ ■ " 

i ■ M ... 

i - : 

I - ; 

i '■ i 



i I i 

• I ; 

» i 
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Claims 



1. A method jof producing S-ff orinyl-2-furylboronic acid 

i - .- i 

comprising the steps of: : 

a) additilon of a base to a Icomposition comprising a 

5 boric aci|d ester and 2-furaldehyde whereby the formyl 

functionality of the 2-furaldehyde is protected with a 
protective group, and | 

b) acidic work-up of the reaction mixture of step a) , 

and , ; 

10 c) isolation of 5 -formyl -2-|furylboronic acid. 

i ■ ■ ' i 

2. A method saccording to claixi> 1, characterized in that 
the borici acid ester ofl st^P a) is an alkyl boric acid 
ester an4/or aryl boric | acid ester • 

3. A method Uccording to claixn 2, characterized in that 
15 the alkyi boric acid ester jof step a) is. selected from 

the grouj^ consisting of|B(O^Pr)3i B{OEt)3,. B(0Me)3/ 
B{0Pr)3, B(OBu)3r and mlisctuires thereof. 

i ^ ' 

4. A method Uccording to claim 1, characterized in that 
the protective group of: step a) is a O.O-acetal 

20 protective group or N,Oracetal protective group. 

\ ^ i 

5. A method I according to ciairii 4, characterized in that 
the acetil protective grou]^ of step a) is selected from 
the groiiji consisting of|alkanols having 1 to 10 carbon 
atoms, aikandiols having 1 ;to 20 carbon atoms, and 

25 mixtures | thereof . \ j 

6. A method ; according to claim 1. characterized in that 
the base iof step a) is selected from the gro^ip 
consist irig of alkyl metal, Imetal amides, and mixtures 
thereof - | j I 

3 0 7. A method laccording to claim 6, characterized in that 
the base ;of step a) is ^el^cted from the group 
consisiting of lithium hexamethyldisilazaxie, sodium 
hexamethyldisilazane, potassium hexamethyldisilazane, 
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lithium ckiisopropylamide, butyl lithium, methyl 
lithium, I ethyl lithium, j propyl lithium, and mixtures 
thereof- : i 

8- A method! according to any of . the preceding claims, 

5 characterized in that a; solvent is present in step a) . 

s ; 

f I ' . ■ 

' t i 

9- A method ; according to claifli 8, characterized in that 

the solvent is selected' from the group consisting of. 

( * j ■ • 

tetrahydrofuran, 1, 2 -dime thoxye thane, 1,4-dxoxane, and 

mixtures \ thereof . ; ! 

10 10. A method; according to claim 1, characterized in that 

the acidic work-up in step;b) is conducted by using an 
aqueous acid. | j 

11. A method) according to claim 10 , . characterized in that 

the acid! is selected from the group consisting of 

15 hydrochloric acid, sulfuric: acid, citric acid, acetic 

acid, formic acid, and mixtures thereof, 

\ \ \ 

12 -A method! according to claim 10^ characterized in that 

the isolation of 5-^f ormyi-f uran-boronic acid of step c) 

is carried out by means? of | filtration, centrifugation 

20 and/or crystallization.! ' 

13 . A method I according to any of the preceding claims., 

characterized in that subsequent to step c) 5-formyl- 

furan-boi-onic acid is further purified by means of 
recrystailization , 

25 14. A method; according to any of the preceding claims 
comprisij^ig the steps of : 

a) addition of lithium diisopropyl amide to a 
composition comprising Jtriisopropylborate and 
furfuraldiethylacetal, and! optionally a solvent, and 
30 b) acidic work-up of thje reaction mixture of step a) , 

and 1 i 

' c) isolation of 5-f ormyl-2f f urylboronic acid. 

i 
i 
i 
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Abstract i 

: S ' 

The present jinventioa refeirs to an improved method of 

producing 5-;f ormyl-2-fu3rylborpnic acid. The method is 

carried out !irx a three- step process comprising the steps 

of: i ■ I i 

• • i ■ I i • 

a) addition of a base toia composition comprising a boric 
acid ester and 2-furaldehyde Whereby the formyl 

functionality of the 2-furaldehyde is protected with a 

■ . i ^ • ? 

protective group * and , i 



10 b) acidic iwork-up of the 5 reaction mixture of step a), and 

t ' : 

c) isolation of 5-fonnYl-l-2-furylboronic acid. 

■ i i I ■ 

i i 
I 1 ' 
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